A agência brasileira que regulamenta a produção e comercialização de álcool combustível estabelece que a concentração de sódio deve ser determinada usando a fotometria de chama e curva analítica construída com soluções padrão preparadas em uma matriz que se assemelhe às amostras. Todavia, essa metodologia pode produzir resultados inexatos porque o álcool combustível apresenta uma variabilidade significativa na composição de matriz e, conseqüentemente, no efeito de matriz. Esse problema pode ser contornado usando o método por adições de padrão (MAP), porém o MAP é lento e trabalhoso quando realizado manualmente. Para superar esses inconvenientes, um sistema Flow-Batch é proposto para automatizar o MAP visando à determinação de sódio em álcool combustível por fotometria de chama. O sistema requer uma única solução padrão, processa cerca de 80 -140 amostras por hora, consome um volume total de amostra e solução padrão menor que 1,5 mL por análise e apresenta um desvio padrão usualmente menor que 0,1 mg L -1 (n = 4).
Introduction
The Brazilian Regulatory Agency for fuel production and commercialization, the National Agency for Petroleum Products (ANP), requires 1 that sodium concentration in alcohol fuel samples should not be higher 2 mg kg -1 and that sodium should be determined by using the methodology (NBR 10422) 2 described by the Brazilian Normative Agency (Associação Brasileira de Normas Técnicas, ABNT).
The ABNT methodology for sodium determination in alcohol fuel uses flame photometry and an analytical curve with matrix-matched standards (ACMMS). 3 Since the composition or matrix effect of actual alcohol fuel samples varies significantly, this methodology can produce inexact results. 3, 4 To overcome this problem, the standard-addition method (SAM) 5 should be used to accurately analyse each sample.
One of the ways to implement SAM 5 is to add increasing amounts of analyte to identical aliquots of the sample; these mixtures are then diluted to the same total volume. This ensures that sample matrix effects are the same throughout 6 and a SAM curve is constructed with exact matrix-matching between samples and standards. Thus, as opposed to ACMMS, SAM is less susceptible to errors stemming from physical and/or chemical differences in the matrices of the samples. Notwithstanding, when SAM is carried out by a non-automated procedure, it is slow and J. Braz. Chem. Soc. laborious. Such problems have been circumvented by using automated flow systems. [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] Versatile and flexible flow-batch approaches [20] [21] [22] [23] have been proposed to automate some analytical systems, as developed by our research group. The flow-batch systems use three-way solenoids valves and an open mixing chamber and are characterised to combine the intrinsic favorable features of both the flow and batch techniques and to provide very good analytical figures of merit. [20] [21] [22] [23] Recently, a flowbatch system was utilized to implement automated SAM applied to copper determination in alcoholic beverages by flame atomic-absorption spectrometry. 23 For this application, the signal monitoring, sampling and standard additions were done in the same way as in a flow analyser, whereas mixing was performed inside an open chamber. In this work, the flow-batch SAM 23 is now proposed as a reliable and automated procedure for sodium determination by flame photometry in alcohol fuel.
Experimental

Reagents and solutions
A 1000 mg L -1 Na stock solution was prepared from 1.2696 g of previously dried NaCl, which was dissolved and diluted with water up to 500 mL. The matrix-matching standard solutions, in concentrations of 0.5, 1.0, 1.5, 2.0 and 2.5 mg L -1 Na, utilized to build the ACMMS, were prepared in absolute ethanol (99.8 % m/m) by adequate dilution from the stock solution. The standard solution for SAM calibration, with a concentration of 10.0 mg L -1 Na, was prepared in water by appropriate dilution of the stock solution.
The blank solution used to fit the zero signal of the flame photometer in the ACMMS was the same absolute alcohol employed in the preparation of the standard solutions.
Chemicals of analytical reagent grade and freshly distilled-deionised water were used throughout.
Ten alcohol fuel samples were acquired from different local distributors and analyzed without any prior treatment.
Flow-batch SAM system
The flow-batch SAM system is shown in Figure 1 Before starting the flow-batch SAM procedure, the solution in each channel is pumped and recycled towards its flasks (Figure 1) . Then, each valve is switched ON during a time interval of 2s and the solutions are pumped towards MC to fill the channels between the valves and MC. Afterwards, V D is immediately switched ON and the excesses of the solutions in MC are aspirated to waste during 3s. This process, here denominated "fill channels", takes 5s and it should be always carried out when the solution in any channel is changed.
In the first step, the standard-solution is pumped into the water channel with water in the remaining channels. After, V W , V S and V SS valves are simultaneously switched ON during a pre-selected time interval (4 seconds) and the fluids are pumped towards MC. Keeping a suitable mixture, V D is switched ON and the resultant solution is aspirated by the photometer, obtaining the S W signal. S S and S SS measurements are performed using the same procedure, but the standard solution is pumped in the sample channel and the later in the standard channel, while water is pumped in the remaining channels. S W , S SS and S S measurements should be carried out only sporadically or when some flow parameter is changed.
To accomplish the standard additions all the valves are initially switched OFF, so that the standard solution, sample and water are continuously pumped into their channels, returning to their recipients, while water is aspirated by the photometer for baseline acquisition (Figure 1) . The V W , V S and V SS valves are then simultaneously switched ON during previously defined time intervals for each valve (t W , t S and t SS ) and aliquots of each fluid are pumped towards MC. After MS is switched ON for homogenization, the mixture is aspirated towards the photometer, by switching ON V D , and the standardadditions signals, R(m), are recorded.
In the experimental design of standard additions, the total volume that is added into MC should be the same in all standard-addition levels in order to maintain the constant matrix composition or matrix effect, avoiding inaccurate results. 6 Thus, t S should always be the same and, while t SS increases, t W decreases (and vice-versa).
To correct the spectral interference of the flame background radiation caused by ethanol, the signal acquired at the calcium channel (λ max = 621 nm) was subtracted from the sodium one (λ max = 589.5 nm).
Sodium determination by ABNT methodology. According to ABNT methodology, the sodium emission signals of the standard-solutions used to build the ACMMS and of the alcohol fuel samples were measured after adjusting the "zero" of the flame photometer by aspirating absolute ethanol.
Theoretical
The classical expression for manually performed SAM 
where R(m) is the response for the mth standard addition, ∆C(m); C 0 is the analyte concentration in the sample; K D is the linear response constant and n is the number of addition levels. Since the sample volume, v S , is maintained constant and the volumes of standard solution, v SS (m), and water, v W (m), change with each mth standard-addition level, equation 1 can be re-written as: (2) where C SS is the standard solution concentration.
In the automatic system proposed here, since v = Q t (where Q is flow rate of the channels), the valve timing, t, defines the volumes, v, added to MC. So, equation 2 can be adapted to time rather than volume and t S , t SS , and t W can be used instead of v S , v SS and v W .
(3)
To guarantee the same matrix composition in each standard-addition level, the total volume should be constant. As the flow rates of each channel are not strictly the same and t SS and t W are different in each standardaddition level, the correction volume should be imple- 
where v S , v SS , and v W are the volumes of standard solution pumped from the sample, standard solution and water channels, respectively, into MC during a same time interval, t, v tot is the sum of the volumes pumped by each channel and A SS is the emission signal of the standard solution. Equations 9 and 10 can be found from equations 6, 7 and 8 and Q = v/t (9) (10) Substituting equations 9 and 10 into equation 5, the following equation is found: (11) Assuming that , α = K D C SS and , equation 12 is:
Finally, the analyte concentration is calculated by:
where α and β are the slope and the linear coefficient of equation 12, respectively, estimated by linear fitting employing least-squares regression.
Results and Discussion
Since the total volume of MC is equal to 2.0 mL, a flow rate of 1.7 mL min -1 was selected for each channel in order to achieve low sample and standard-solution consumption, as well as good sample throughput.
Due to the hydrophobic characteristics of the Teflon material used in MC, the valves and the transmission lines of the flow-batch manifold, a cleaning step was unnecessary before each standard-addition analysis. Indeed, this was investigated by delivering the standard solution into MC during 12 s and then emptying MC by flame photometer aspiration. The same procedure was then repeated with water and no blank signal (carryover) was detected in the flame photometer.
Initially, the flow-batch SAM procedure was evaluated through the determination of sodium by flame photometry in synthetic samples with different analyte contents (0.5 -2.5 mg L -1 Na), which were prepared in ethanol (93.6°I NPM)
1,2 to promote a matrix effect similar to the alcohol fuel samples. As seen in Table 1 , n = 4) was usually better than SAM because the sodium concentration is always estimated by SAM in a region of larger variance. 24 The proposed SAM procedure was also applied to sodium determination by flame photometry in ten alcohol fuel samples. These results are also shown in Table 1 , as well as the results using ABNT methodology. The differences observed between the SAM and ABNT results can be justified by using the t-Student test to compare the inclinations of SAM curves, as described by Honorato et al. 4 For example, the inclinations of SAM curves of synthetic sample 1 and alcohol fuel 6 in Table 1 are statistically different. Therefore, ACMMS yields different results if applied to estimate the analyte concentration in both samples. In this sense, the SAM approach should be favored because its outcome is not affected by matrix effects. As in the flow SAM systems, 17, 18 which exploit the gradient concentration of standard and sample, the proposed system requires only one standard solution to accomplish the entire standard-addition procedure. In addition, it handles about 80 -140 samples per hour and consumes a total volume of sample and standard solution smaller than 1.5 mL for each analysis.
Conclusions
The feasibility of an automatic SAM for sodium determination by flame photometry in alcohol fuel was demonstrated. Matrix effects caused by ethanol, which increase the nebulization efficiency of the flame photometer, are satisfactorily corrected by applying a novel mathematical model derived for this flow-batch SAM.
Since alcohol fuel samples may present significant differences in matrix effects, ACMMS is not reliable because the alcoholic grade needs to be determined for each sample and the standard solutions should be prepared with a similar matrix. Thus, the ABNT methodology, although it employs matrix-matching standards, may yield inaccurate results. In this sense, alcohol fuel analyses could be more suitably accomplished by SAM. Moreover, due to the flexibility, versatility and high sample throughput of the flow-batch system, it is suggested that this new procedure be adopted as routine practice for quality control of alcohol fuel.
